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Want to conserve energy and 
save some money'? 
You may be able to do just 
that when you design your 
irrigation system if you select 
larger pipelines than 
conventional methods of sizing 
would suggest. 
Pipe sizes are usually selected 
to keep the friction loss of the 
flowing water below some 
specified value. A larger pipe 
has less friction loss and, 
consequently, a lowered energy 
demand for pumping. Since 
energy costs have been rising 
even faster than the overall 
inflation rate, yearly energy 
costs will increase while capital 
costs usually remain constant. 
This fact sheet will help you 
select the pipe size that will give 
the lowest lifetime cost 
considering the initial 
investment. inflation, and energy 
costs. 
Because larger pipe sizes have 
less friction loss for the same 
amount of water, pipeline size 
affects the amount of pressure 
the pump must develop and 
consequently the energy 
requirement. For a larger pipe 
size to be economically 
attractive, the value of the 
energy saved must exceed the 
extra cost of the larger size. By 
including the effects of fuel cost 
inflation in the analysis, a large 
pipeline may have lower lifetime 
costs than a smaller pipe. 
Using a larger pipe means an 
extra initial cost, so for the first 
few years of operation, costs 
may exceed the benefits of the 
larger size. Therefore current 
cash flow problems should be 
considered and balanced against 
the lowest lifetime cost. 
How It Works 
By using the tables and a few 
simple equations, you can 
calculate the benefit of using a 
larger pipe. 
If that benefit is greater than 
the extra cost to install the 
larger pipe, and if you have the 
capability for paying for the 
larger initial yearly costs, over 
the life of that pipe you will be 
financially ahead to install the 
larger size. 
Table 1 gives values that will 
be used to calculate annual 
savings due to decreased use of 
energy. The table values 
represent the relative decrease 
in friction as pipe sizes increase. 
In small sizes, plastic pipe is 
almost always cheaper than 
steel. The largest plastic used 
for irrigation is 15-inch; above 
that size steel pipe has been the 
cheapest available. 
For that reason Tables 1 and 2 
include plastic in small sizes 
and steel pipe above 15 inches. 
Other materials such as asbestos 
cement could be considered if 
you know the friction values and 
make the appropriate 
calculations as given in the 
table. 
Most electric suppliers have 
either an annual standby 
(horsepower) charge or else a 
demand charge based on how 
much energy you need at any 
one time. If your system includes 
electric pumps and you have 
such a charge in your rate 
schedule, Table 2 gives values 
for calculating the relative 
decrease in that demand charge. 
Since friction in the larger 
pipeline is less, the horsepower 
requirement is less and demand 
charges of the electric supplier 
for the pumping plant will be 
lower. 
To compare those benefits 
with the additional cost of the 
larger pipe, costs and benefits 
must be brought back to a 
Table 1. Friction Benefits1 
Discharge Gallons Per Minute 
Pipe Comparison 500 750 1000 1250 1500 2000 2500 3000 
5" PVC - 6" PVC 2.28 4.85 9.32 
6" PVC - 8" PVC 1.23 2.63 4.44 6.48 
8" PVC -10" PVC 0.333 0.642 1.14 1.69 2.40 4.03 5.58 
10" PVC -12" PVC 0.093 0.2'02 0.330 0.467 0.701 1.20 1.78 2.51 
12" PVC -15" PVC 0.042 0.094 0.161 0.269 0.327 0.569 0.897 1.21 
15" PVC -18" Steel 0.012 0.022 0.034 0.045 0.079 0.114 0.169 
18" Steel -20" Steel 0.014 0.024 0.035 0.053 0.088 0.134 0.184 
20" Steel -24" Steel 0.021 0.035 0.050 0.088 0.140 0.203 
24" Steel -30" Steel 0.054 0.076 0.104 
1. Table 1 value = 2.92 x friction loss difference in psi/100 ft. 
Table 2. Demand Benefits1 
Discharge Gallons Per Minute 
Pipe Comparison 500 750 1000 1250 1500 2000 2500 3000 
5" PVC - 6" PVC 2.51 8.03 20.57 
6" PVC - 8" PVC 1.35 4.35 17.89 
8" PVC -10" PVC 0.367 1.06 1 ~ 4.67 7.93 17.79 30.78 
10" PVC -12" PVC 0.103 0.334 0.729 1.29 2.32 5.29 9.83 16.63 
12" PVC -15" PVC 0.047 0.156 0.355 0.741 1.08 2.51 4.95 8.03 
15" PVC -18" Steel 0.020 0.048 0.093 0.150 0.348 0.629 1.12 
18" Steel -20" Steel 0.023 0.052 0.097 0.174 0.387 0.741 1.22 
20" Steel -24" Steel 0.046 0.097 0.165 0.387 0.774 1.34 
24" Steel-30" Steel 0.237 0.419 0.687 
1. Table 2 Value = GPM x (friction loss difference in psi/100 ftY155. 
present value basis. Dividing the 
initial cost of a purchase by the 
appropriate "present value of a 
series'' factor from Table 3 will 
give its average annual cost. 
Table 3 is divided into three 
parts, allowing you to assume 
the pipe will last for 10, 15, or 
20 years. For each of those 
lifetimes, values are given 
assuming no inflation and for 
annual inflation rates from 6 to 
20 % per year. 
When using Table 3 for 
calculations you must assume an 
interest rate, an inflation rate, 
and the number of years the pipe 
will last. 
First: The Calculations 
Table 1 represents the energy 
consumption benefit from 
reduced friction loss in the pipe. 
At least two sets of calculations 
will have to be made to find the 
most economically sized pipe in 
your case: 
1. Guess at an appropriate 
pipe size range for your rate of 
flow. 
From one of the two lines 
listing that size enter the 
appropriate number on the work 
sheet as the Table 1 value. Also 
write the pipe sizes that 
correspond to that number on 
the work sheet. 
For example, for 1000 GPM 
the pipe size will likely be 8"to 
10" PVC; the factor from Table 1 
is 1.14 (see the example work 
sheet). 
2. Select the appropriate 
''present value of a series'' 
factor from Table 3. 
Enter the appropriate part of 
the table for the number of years 
you assume the pipe will last. 
Plastic pipe should last from 15 
to 20 years, steel from 1 0 to 15 
years, but these figures may be 
different depending on your soil 
type and management. 
The example uses 15-year life 
for plastic. When comparing two 
dissimilar materials like 15-inch 
PVC and 18-inch steel, use the 
present value factor for the 
longer lived pipe; in this case, 
the present value factor for 
plastic. 
Table 3. Present Value of Uniform Series Factors 
Adjusted for Inflation Rates 
Inflation Rate
0 6 8 10 12 14 16 18 20
Interest
Rate 10-Year Present Value Factor 
4% 8.11 11.12 12.38 13.79 15.37 17.15 19.14 21.37 23.87 
6 7.36 10.00 11.10 12.33 13.71 15.25 16.97 18.91 21.06 
8 6.71 9.04 10.00 11.08 12.28 13.63 15.13 16.81 18.68
10 6.14 8.20 9.05 10.00 11.06 12.23 13.55 15.01 16.65
12 5.65 7.48 8.23 9.07 10.00 11.04 12.19 13.47 14.90 
14 5.22 6.85 7.52 8.26 9.08 10.00 11.02 12.15 13.40 
16 4.83 6.30 6.89 7.55 8.29 9.10 10.00 11.00 12.11 
18 4.49 5.81 6.35 6.94 7.59 8.31 9.11 10.00 10.98
20 4.19 5.38 5.86 6.39 6.98 7.62 8.34 9.13 10.00
Inflation Rate
0 6 8 10 12 14 16 18 20 
Interest 
Rate 15-Year Present Value Factor 
4% 11.12 17.53 20.56 24.19 28.55 33.78 40.07 47.61 56.66 
6 9.71 15.00 17.48 20.43 23.97 28.19 33.25 39.30 46.53 
8 8.56 12.96 15.00 17.43 20.31 23.75 27.85 32.74 38.57 
10 7.61 11.30 12.99 15.00 j17.38I 20.20 23.55 27.53 32.26 
12 6.81 9.93 11.35 13.03 15.00 17.33 20.09 23.36 27.22 
14 6.14 8.80 10.00 11.41 13.06 15.00 17.29 19.99 23.17 
16 5.58 7.86 8.88 10.07 11.46 13.09 15.00 17.2§ 19.89 
18 5.09 7.07 7.94 8.95 10.13 11.51 13.12 15.00 17.20 
20 4.68 6.39 7.15 8.02 9.03 10.20 11.56 13.15 15.00
Inflation Rate 
0 6 8 10 12 14 16 18 20 
Interest 
Rate 20-Year Present Value Factor 
4% 13.59 24.58 30.43 37.96 47.63 60.10 76.19 96.94 123.73 
6 11.47 20.00 24.48 30.19 37.48 46.82 58.79 74.16 93.89
8 9.82 16.53 20.00 24.39 29.95 37.02 46.04 57.55 72.25
10 8.51 13.87 16.59 20.00 24.30 29.72 36.59 45.31 56.38 
12 7.47 11.79 13.95 16.64 20.00 24.21 29.51 36.18 44.62 
14 6.62 10.16 11.90 14.04 16.69 20.00 24.13 29.30 35.79 
16 5.93 8.85 10.27 12.00 14.12 16.75 20.00 24.05 29.10
18 5.35 7.80 8.96 10.37 12.09 14.20 16.80 20.00 23.97
20 4.87 6.94 7.91 9.07 10.48 12.19 14.28 16.84 20.00 
For the near future, the rate 
of inflation in energy costs will 
probably be higher than the 
general rate of inflation. Use 
your own best judgement when 
picking a-rate; the example will 
use a 12 % energy inflation rate. 
You will also need to know the 
interest rate on the money to 
finance the pipeline. We will use 
10 % which (for a 15-year life) 
gives a present value factor of 
17.38 (see example work sheet). 
3. Write your electric rate per
kilowatt hour (not including any 
standby, horsepower, or demand 
charges) or the price of diesel 
fuel per gallon ( if that is your 
power source) on the work sheet. 
Use today's prices, the 
calculation will assume the 
increase with inflation. For the 
example we will use $0.024/kwh 
and $1.05 per gallon. 
Here Is An Example ➔
On pages 3 and 4 are a sample worksheet 
and a blank worksheet for you to make 
your own calculations. They are grouped
here for your convenience. The
explanation of how you arrive at your
figures is continued on page 5. 
Let's assume the following 
pipe costs per foot for the 
example. 
Pipe Size Cost 
5" PVC $0.92/ft 
6" PVC $1.69/ft 
8" PVC $2.78/ft 
10" PVC $4.15/ft 
12" PVC $5.80/ft 
15" PVC $8.73/ft 
2 
Electric Example Diesel Example 
GPM 1000 GPM GPM 1000 GPM 
Life 15 yr 
10 yr 
Plastic 
Steel 
Life 15 yr 
10 yr 
Plastic 
Steel 
Other Other 
Inflation rate 12 % Inflation rate 12 % 
Interest rate 10 % Interest rate 10 % 
$/kwh electric 
$/kw or $/HP 
$0.024 
$3.90 
$/kwh electric 
$/kw or $/HP 
$ 
$ 
"Times billed" 3 "Times billed" 
$/gal diesel 
HP-HR/gal rating 
Acres irrigated 
Inches pumped 
$ 
130 
10 
/gal 
HP-HR/gal 
Acres 
in 
$/ gal diesel 
HP-HR/gal rating 
Acres irrigated 
Inches pumped 
$1.05 
18 
130 
10 
/gal 
HP-HR/gal 
Acres 
in 
Pipe sizes 8"-10" PVC 
"Present value" factor 17.38 
Pipe sizes 8"-10" PVC 
"Present value" factor 17.38 
Table 1 value 1.14 Table 1 value 1.14 
Friction benefit $0.62 Friction benefit $2.00 
Table 2 value 2.51 Table 2 value 
Demand benefit $0.51 Demand benefit $ 
Total benefit $1.13 Total benefit $2.00 
Larger pipe cost/ft $4.15 Larger pipe cost/ft $4.15 
Smaller pipe cost/ft $2.78 Smaller pipe cost/ft $2.78 
Extra pipe cost/ft 
Costs exceed benefits. Try smaller sizes. 
$1.37 Extra pipe cost/ft 
Benefits exceed cost. Try a larger size. 
$1.37 
Pipe sizes 6"-8" PVC Pipe sizes 10"-12" PVC 
"Present value" factor 17.38 "Present value" factor $17.38 
Table 1 value 4.44 Table 1 value 0.33 
Friction benefit $2.41 Friction benefit $0.58 
Table 2 value 9.80 Table 2 value 
Demand benefit $1.99 Demand benefit $ 
Total benefit $4.40 Total benefit $0.58 
Larger pipe cost/ft 
Smaller pipe cost/ft 
$2.78 
$1.69 
Larger pipe cost/ft 
Smaller pipe cost/ft 
$5.80 
$4.15 
Extra pipe cost/ft $1.09 Extra pipe cost/ft $1.65 
Benefits exceed cost. Use the larger (8") size. Cost exceeds benefits. Use the smaller (10") size. 
Friction Benefit 
Table 1 Value x "Present Value" Factor x $/kwh x Acres x Inches Electric 
1000 
or 
Friction Benefit 
Table 1 Value x "Present Value" Factor x $/gal x Acres x Inches 
750 x "HP-HR/gal rating" 
Diesel
. 
DemandBenef1t 
Table 2 Value x "Present Value" Factor x ($/kw or $/HP) x "Times Billed" 
= ---------------------------
1000 
Electric only 
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Work Sheet 
GPM GPM GPM 
Life Plastic Plastic 
Steel Steel 
Inflation rate % % 
Interest rate % % 
$/kwh electric $ $ 
$/kw or $/HP $ $ 
"Times billed" 
$/gal diesel $ /gal $ /gal 
HP-HR/gal rating HP-HR/gal HP-HR/gal 
Acres irrigated Acres Acres 
Inches pumped in in 
Pipe sizes 
"Present value" factor 
Table 1 value 
Friction benefit $ $ 
Table 2 value 
Demand benefit $ $ 
Total benefit $ $ 
Larger pipe cost/ft $ $ 
Smaller pipe cost/ft $ $ 
Extra pipe cost/ft $ $ 
Pipe sizes 
"Present value" factor 
Table 1 value 
Friction benefit $ $ 
Table 2 value 
Demand benefit $ $ 
Total benefit $ $ 
Larger pipe cost/ft $ $ 
Smaller pipe cost/ft $ $ 
Extra pipe cost/ft $ $ 
"Table 1 Value" x "Present Value" Factor x $/kwh x Acres x Inches Friction Benefit = Electric 
1000 
or 
"Table 1 Value" x "Present Value" Factor x $/gal x Acres x Inches 
Friction Benefit = Diesel 
750 x "HP-HR/gal rating" 
"Table 2 Value" x "Present Value" Factor x ($/kw or $/HP) x "Times Billed"Demand Benefit = Electric only 
1000 
4 
4. Measure how many acres 
will be irrigated from this 
pipeline. We will use 130 acres. 
5. Determine how much water 
(gross) is pumped on an acre in 
an average year in your area. 
We will use 10 inches in the 
calculation. 
6. If your system is diesel 
powered you need to know the 
horsepower-hour per gallon of 
fuel (HP-HR/fuel-gal) rating for 
the diesel. Most diesels will be in 
the 15 to 20 HP-HR/fuel-gal 
range of efficiencies. Sometimes 
that number is reported as 
gal/HP-HR, the corresponding 
values would be 0.067 to 0.050 
gal/HP-HR. A diesel that delivers 
80 HP to the pump and is rated 
at 18 HP-HR/gal would burn 
slightly less than 4 ½ gal/HR. 
Friction Benefit for Electric Pumps = 
Table 1 Value x "Present Value" Factor x 
$/kwh x Acres x Inches 
1000 
Example: 
Friction Benefit = 
1.14 X 17.38 X .024 X 130 X 10 
= $0.62 
1000 
Friction Benefit for Diesel Pumps = 
Table 1 Value x "Present Value" Factor x 
$/gal x Acres x Inches 
750 x "HP-HR/gal rating" 
Example: 
Friction Benefit = 
1.14 X 17.38 X $1.05 X 130 X 10 = $2.00 
750 X 18 
Use the values in one of 
the calculations and record 
the result on the work 
sheet. 
The next part of the 
calculation does not apply to 
those using diesel engines. 
With larger pipelines, the 
pumping plant horsepower 
requirement is decreased 
because there is less friction 
loss. That decrease in 
horsepower will be reflected in 
decreased demand or measured 
horsepower charges. 
To calculate the benefit from 
that reduction in demand: 
7. Enter the appropriate value 
for your flow rate and pipe size 
from Table 2 on the work sheet 
(2.51 for 1000 GPM in 8"-10" 
PVC). 
8. Use the same "present 
value" factor as before (17.38). 
9. Determine your demand or 
standby charges. The demand 
charge is a monthly amount paid 
per kilowatt of electrical demand 
($/kw) ($3.90 for example). 
Standby or horsepower charges 
($/HP) are based on connected 
horsepower; it is generally billed 
once a year. 
10. The total amount billed for 
such charges depends on rate 
structure and use. Annual 
horsepower charges are 
assessed once per year so the 
"times billed" entry is one. For 
demand charges "times billed" 
will be the actual number of 
months in which pumping was 
done or the minimum number of 
months required, whichever is 
appropriate according to the 
rate schedule. (The example uses
three billings of $3.90.) 
 
Use the values in the 
following formula only if electric 
pumps are used. Record the 
result on the work sheet. 
Demand Benefit = 
Table 2 Value x "Present Value" Factor 
x ($/kw or $/HP) x "Times Billed" 
1000 
Example: 
Demand Benefit = 
2.51 X 17.38 X $3.90 X 3 = $0. l 5
1000 
Add the friction benefit to the de­
mand benefit to get a value to 
compare with the pipe prices. 
Then The Comparison 
You will need a list of pipe 
prices for sizes that are capable 
of carrying the flow rate you 
need. 
The "Table 1 Value" and 
"Table 2 Value" you used 
represent the difference between 
two pipe sizes in the table. 
Compare the sum of the annual 
dollar savings as calculated with 
your price difference per foot for 
the same two pipe sizes. 
If your savings are more than 
the price difference a larger 
pipe may be an even better 
investment, so try the factor for 
the same flow rate and the next 
larger pipe sizes in Tables 1 and 
2. Repeat the calculations and 
the comparison (see the 
example). 
If your cost difference is more 
than the benefit try the next 
smaller pipe in the calculations. 
The pipe size to choose is the 
smallest one with a "present 
value" benefit that exceeds the 
cost difference of going to a 
larger size. 
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